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Reduced glutathione (GSH), L-γ-glutamyl-L-cysteinyl-glycine, is a ubiquitous tripeptide produced by plants and animals alike from the amino acids glutamine, glycine and cysteine. Its sulphur-hydrogen (thiol) group is a potent reducing agent, and GSH can be considered one of the body's most important water-soluble antioxidants (Hudson 2001) . GSH provides powerful antioxidant protection to body systems heavily exposed to reactive oxygen species, such as the lung (Kelly 1999; Rahman and M acN ee 1999) . Another property of reduced glutathione is to regulate inflammation and the immune response (Piertarinen-Runtti et al. 2000) .
Malondialdehyde (MDA) is one of the aldehydic end products of the lipid peroxidation cascade (Esterbauer and Cheeseman 1990) .
Ceruloplasmin, a blue copper glycoprotein with ferroxidase and oxidase activities, is an important serum antioxidant (Akkus 1995) ; as an acute phase protein, it exhibits a moderate response in humans (M i n et al. 1991) and chickens (K o h et al. 1996) . Vitamin C (ascorbic acid) is a water-soluble vitamin, with antioxidant properties. Vitamin C has been found to be most effective in protecting plasma lipids from oxidative damage (Henson et al. 1991) .
Non-specific esterase is widely distributed in various types of cells. Cytochemical esterase activity is commonly used to differentiate types of leukocytes and leukaemia cells (Inoue et al. 1991) . Alpha-naphthyl acetate esterase is a non-specific esterase. The pattern of esterase activity revealed by this method provides a discriminating marker for mature Tlymphocytes showing dense, localized, dot-like positive responses. Mueller et al. (1975) showed in the mouse, Kajikawa et al. (1983) in cattle, Higgy et al. (1977) and Knowles and Halper (1980) in humans and Maiti et al. (1990) in chickens that the percentage of ANAE (+) peripheral blood lymphocytes accurately reflects the percentage of mature T-lymphocytes forming E-rosettes with sheep erythrocytes (SRBC) and separations of B lymphocytes by the erythrocyte antibody complement rosette method (EAC rosette method) (Fudenberg et al. 1978) .
The percentage of peripheral blood T-lymphocytes has been found to be approximately 56% (Maiti et al. 1990) or 56.4% in chickens (Asti et al. 1999 ), 82.3% in dogs (Asti et al. 1993 , 83% in Van cats (Y ö r ü k et al. 1998), 85% in humans (Müller et al. 1981 ) and 64.2% in cows (Yang et al. 1979 ) using an ANAE staining procedure. Some researchers suggest that ANAE enzyme is a lysosomal enzyme (Zicca et al. 1981; M iyasaka et al. 1983) . Pruthi et al. (1987) , Maiti et al. (1990) and Asti et al. (1999) reported that Tlymphocytes from the peripheral blood lymphocytes of chickens display ANAE staining. However, the present study is the first to determine peripheral blood lymphocytes of ducks using the ANAE method.
The aim of this study was to determine levels of blood lipid peroxidation and antioxidant and peripheral blood T-lymphocyte percentages in Mallard (Anas platyrhynchos), Muscovy (Cairina moschata), and Pekin (Anas domestica) ducks.
Materials and Methods
A total of 24 healthy adult ducks (body weight: Mallard 2.0 -2.5 kg; Muscovy 3.8 -4.7 kg; Pekin ducks 3.2 -4.3 kg; each breed represented by 8 birds) were kept in animal houses with free access to open-air water surface (8 animals in each room). Ducks (50:50 males and females) were purchased from a local farm in the Van area. These ducks were about 10-12 months old, reared under natural conditions, and living on duck food. They had free access to food (containing 23% protein and 3100 kcal·kg -1 ME); Vangölü Food Factory, Van, Turkey) and water.
Blood samples for biochemical analysis were taken from the vena ulnaris. The levels of malondialdehyde (MDA), reduced glutathione (GSH), ceruloplasmin and vitamin C in blood were determined. Blood malondialdehyde (MDA) concentration was determined using the method described by Jain et al. (1989) and based on thiobarbituric acid (TBA) reactivity. Briefly, 0.2 ml of erythrocyte packets, 0.8 ml of phosphate buffer (pH 7.4), 0.025 ml of butylated hydroxytoluene (BHT) and 0.5 ml of 30% trichloroacetic acid (TCA) were added to tubes and mixed. After incubating for 2 h at -20 °C, the mixture was centrifuged (400 g) for 15 min. Then 1 ml of supernatant was added into each tube, and 0.075 ml of 0.1 m EDTA and 0.25 ml of 1% TBA were added. These tubes with teflon-lined screw caps were incubated at 90 °C in a water bath for 15 min and cooled to room temperature. Optical density was measured at 532-600 nm in a spectrophotometer (Novaspec II PharmaciaBiotech, Biochrom Ltd., UK).
Blood GSH concentration was measured using the method described by Buetler et al. (1963) . Briefly, 200 µl of whole blood were added to 1.8 ml of distilled water. Three millilitres of precipitating solution were mixed with haemolysate. The mixture was allowed to stand for approximately 5 min and then filtered. Two millilitres of filtrate were taken and added to another tube, and then 8 ml of phosphate solution and 1 ml of DTNB [5,5'dithiobis-(2-nitrobenzoic acid)] were added. A blank was prepared with 8 ml of phosphate solution, 2 ml of diluted precipitating solution (three to two parts of distilled water), and 1 ml of the DTNB reagent. A standard solution of the gluthathione was prepared (40 mg·100 ml -1 ). Optical density was measured at 412 nm in the spectrophotometer.
Serum ceruloplasmin activity was determined using the Altered Ravin Method (Yenson 1993). Five ml phenylendiamine substrates were added to two tubes (curve and test). Then, 1 ml sodium azide solution was added to the curve tube only. After this, 0.1 ml serum was added to both the curve tube and the test tube, and the contents were mixed. Both mixtures were kept at 37 °C for 15 min. Finally, 1 ml sodium azide solution was added only to the test tube. After 15 min, optical density was measured at 546 nm in the spectrophotometer.
Serum vitamin C level was determined after derivatization with 2,4-dinitrophenylhydrazine (Omaye et al. 1979) .
Heparinized blood samples were taken from 8 healthy adult Mallard, Muscovy, and Pekin ducks for ANAE staining for the purpose of this study. For ANAE demonstration (Maiti et al. 1990 ), air-dried blood smears were fixed in glutaraldehyde-acetone mixture for 3 minutes at -10 °C. Following fixation, the smears were rinsed in distilled water and then allowed to dry at room temperature for 30 minutes. Blood smears were incubated (pH 6.8) for 4 hours, and after incubation the preparations were washed in distilled water and counterstained with 1% methyl green for 30 minutes. Following dehydration in increasing concentrations of ethanol, the preparations were cleaned in xylene and mounted in DPX. After application of ANAE enzyme stain, they were examined under a light microscope. The proportions of ANAE (+) and ANAE (-) lymphocytes were determined for each blood smear by counting 500 lymphocytes in a total of five areas (100 each one).
Statistical Analysis
The results obtained were analyzed using analysis of variance and Student's t-test. A value of p < 0.05 and p < 0.01 were considered significant.
Results
The levels of blood MDA and serum antioxidant levels are shown in Table 1 . The MDA levels of Muscovy and Mallard, GSH levels of Pekin/Mallard and Muscovy and the vitamin C levels of Muscovy and Pekin and of Pekin and Mallard were found to be significantly different (p < 0.05).
In a light microscope examination, ANAE (+) lymphocytes had 1-4 distinct, red-brownish granules representing the reaction product by which they recognized T-lymphocytes. No reaction product was present in B-lymphocytes (Plate I, Fig. 1 ). The numbers of ANAE (+) lymphocytes in the Mallards was higher than that in Pekin ducks or Muscovy ducks. The size of ANAE (+) lymphocytes was similar in all three breeds.
The results of ANAE staining are shown in Table 2 . ANAE (+) lymphocyte proportions were 57.9%, 54.8% and 55.1% in Mallard, Muscovy and Pekin ducks, respectively. Mallard was significantly different from the Muscovy duck (p < 0.05). The values were not significantly different between Muscovy and Pekin ducks (p > 0.05). Values are expressed as mean ± SD, n = 8 for each breed * p < 0.05 compared with Muscovy Discussion One aim of this study was to investigate the blood levels of MDA, GSH, ceruloplasmin and vitamin C in different breeds of ducks. In the experiment, we observed that Pekin ducks had the highest levels of lipid peroxides (MDA), whereas Mallard ducks had the lowest level of ceruloplasmin and vitamin C (Table 1 ). All ceruloplasmin values showed some similarity and the values obtained were not significantly different (p > 0.05) between all three duck breeds. Mezes et al. (1998) found MDA levels in blood plasma to be 1.52 ± 0.75 (mmol·litre -1 ) in ducks. In the present study, MDA values were determined to be 1.07 ± 0.2, 1.3 ± 0.3 and 0.8 ± 0.2 nmol·ml -1 for Moscovy, Pekin and Mallard ducks, respectively.
Previous studies have reported the levels of GSH to vary from species to species. Liver GSH levels found among the different classes are: mammals (6-8 mmol·g -1 ), birds (2.5-3.7 mmol·g -1 ), amphibians (0.9-2.2 mmol·g -1 ) and reptiles (1-1.2 mmol·g -1 ) (Storey 1996). However, somewhat higher GSH concentrations in the liver of Canada goslings and Mallard ducklings of 3.7 ± 0.3 and 3.8 ± 0.5 µmol·g -1 respectively have been reported (Mateo and Hoffman 2001) . In 16-and 30-week-old hybrid laying hens, GSH concentrations of 70.70±1.9 and 57.26±0.8 mg·100 ml -1 have been found (Dede and Camas 2001) . In another study, GSH levels were found to be 182. 02 ± 24.77, 163.44 ± 46.42 and 39.23 ± 5 in chicken, duck and goose, respectively (Mezes et al. 1998) . In the present study, the significant decrease in plasma concentrations of GSH in all duck breeds is in accordance with previous findings. Moreover, our data indicate that in the ducks examined, the blood antioxidant capacity is related to their phylogenetic group.
It has been found that vitamin C levels vary from species to species, with 0.48%, 1.30%, 0.53%, and 2.45% (M ert 1996) in humans, sheep, cows and chickens respectively and 0.52% in rats (Kanter et al. 2003) . In the present study, the vitamin C level was found to be approximately 0.50-0.70 mg·100 ml -1 in all three duck breeds.
Ceruloplasmin levels have been reported to be 10.89 mg·100 ml -1 in dogs (Mengi and Serpek 1983), and 18.81 mg·100 ml -1 in rats (Kanter et al. 2003) , whereas no records of duck levels could be found in the literature. The present work, ceruloplasmin levels were determined to be between 26.1 and 23.9 mg·100 ml -1 , with the highest levels observed in Muscovy ducks.
ANAE staining results revealed that positive ANAE staining could be used as a marker for the T-lymphocytes of ducks. The staining patterns of ANAE (+) was found to be similar to those reported by Asti et al. (1999) and Pruthi et al. (1987) .
In the blood of humans (Knowles and Susan 1978; Müller et al. 1981) , Van cats (Yörük et al. 1998 ) and Kangal dogs , red granular structures have been observed in the cytoplasm of T-lymphocytes. In the present study, 1-4 red granules were seen in most lymphocytes. ANAE (+) lymphocyte proportions were 57.9%, 54.8% and 55.1% in Mallard, Muscovy and Pekin ducks, respectively. These proportions are close to the peripheral blood T-lymphocyte ratio of chickens (Maiti et al. 1990; Asti et al. 1999 ), but less than that of dogs , Van cats (Yörük et al. 1998 ), cows (Yang et al. 1979 ) and humans (Müller et al. 1979) .
In this study, blood levels of lipid peroxidation and antioxidants were determined in Mallard, Muscovy and Pekin ducks. We found that peripheral blood T-lymphocytes could be identified specifically for the duck breeds by using the ANAE staining method.
Peroxidace lipidÛ, koncentrace antioxidantÛ a alfanaftylacetát esterázové aktivity v lymfocytech periferní krve u kachny divoké, piÏmovky velké a kachny pekinské Cílem studie bylo zjistit pomocí alfanaftylacetátesterázové (ANAE) metody koncentrace malondialdehydu (MDA), redukovaného glutathionu (GSH), ceruloplasminu, dále vitaminu C a procentuální podíl T-lymfocytÛ v periferní krvi u kachny divoké (Anas platyrhynchos), piÏmovky velké (Cairina moschata) a kachny pekinské (Anas domestica). Vzorky krve byly odebrány osmi dospûl˘m kachnám kaÏdého druhu. Sérové koncentrace u kachny divoké, piÏmovky velké a kachny pekingské byly následující: MDA 0,8; 1,07 a 1,3 nmol·ml -1 ; GSH 77,4; 66,9 a 78,7 mg /100 ml; ceruloplasmin 23,9; 26,1 a 24,1 mg/100 ml; a vitamin C 0,50; 0,52 a 0,70 mg/100 ml. Procentuální zastoupení ANAE (+) lymfocytÛ v krvi kachny divoké, piÏmovky velké a kachny pekingské bylo 57,9%, 54,8% a 55,1%. V této studii byla v krvi zji‰tûna hladina peroxidace lipidÛ a koncentrace neenzymatick˘ch antioxidantÛ u kachny divoké, piÏmovky velké a kachny pekinské.
